NITRIDE SELECTIVE AND FIELD OXIDE SELECTIVE 
SEMICONDUCTOR ETCHING 



Field of the Invention 

5 The present invention relates generally to etching of semiconductor integrated 

circuits. More specifically, the present invention relates to the etching of contact holes 
through insulating oxide layers. 

Background of the Invention 

10 In the semiconductor processing industry there continues to be a need to pack an 

increasing number of electronic devices, such as transistors and capacitors, onto a single 
integrated circuit chip. This continuously increasing level of integration is 
accomplished in large part by decreasing the minimum feature sizes of the devices. 
Feature alignment from one semiconductor level to the next is of critical importance, 

1 5 particularly relating to the alignment of contact holes with the underlying structures 
with which they are to connect, such as active areas. Device miniaturization 
complicates the process of forming interconnect structures because in order to maintain 
sufficient electrical communication, the interconnect structure must be formed in exact 
alignment with an underlying active region. At the same time, the area of the 

20 interconnect structure interfacing with the active area must be maximized. Thus, as 
device sizes shrink there is less room for misalignment errors of the interconnect 
structure. 

As minimum feature sizes decrease, it becomes increasingly more difficult to 
control the photolithographic alignment within design tolerances and to control the 
25 critical dimensions. Misalignment of the photoresist mask can inadvertently result in 
etching underlying insulating layers causing electrical shorts between the various 
electrically conducting elements. 

The prior art has been successful at developing etching processes that exhibit 
significantly higher etch rates for insulating oxides than nitrides. That is, these etching 
30 processes are highly selective to nitrides. One approach to improving nitride selectivity, 
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involves the use of certain fluorocarbon gases in the etching gas (that is, the etchant). 
The fluorocarbons known in the art for nitride selectivity have two or more carbon 
atoms and no hydrogen atoms. Accordingly, these nitride-selective fluorocarbons will 
be referred to in the present specification as C 2+ F gases or C 2+ F chemistry. C 2+ F gases 
5 include C 3 F 6 , C 3 F 8 , C 4 F 6 , C 4 F 8 , and C 5 F 8 , for example. 

Summary of the Invention 

The present invention addresses issues and drawbacks of the prior art. The 
present invention provides etching processes and etchant gases useful for etching 

10 through a selected portion of an insulating oxide layer on a substrate to create a contact 
hole without damaging underlying nitride layers or field oxide regions. Etching 
processes of the present invention employ an etchant gas comprising an inert gas, one or 
more C 2+ F gases, CH 2 F 2 , and a gas selected from the group consisting of CHF 3 , CF 4 , and 
mixtures thereof. The etchant gas chemistry of the present invention provides good 

15 selectivity to field oxide isolation regions while retaining sufficient nitride selectivity. 
Thus, the present invention allows the etching of an insulating oxide layer down to a 
substrate without substantially damaging underlying nitride layers or underlying field 
oxide isolation regions, making etching processes of the present invention less 
susceptible than prior art processes to damage that can occur as a result of misaligned 

20 photoresist masks. Etching processes of the present invention are performed at power 
levels lower than is generally used in the prior art. Additional advantages and features 
of the present invention will be more apparent from the detailed description and 
accompanying drawings, which illustrate preferred embodiments of the invention. 

25 Brief Description of the Drawings 

The present invention is illustrated by way of example in the following drawings 
in which like references indicate similar elements. The following drawings disclose 
various embodiments of the present invention for purposes of illustration only and are 
not intended to limit the scope of the invention. 
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Figure 1 is a cross-sectional view of a partially-completed integrated circuit. 

Figure 2 is a cross-sectional view of the partially-completed integrated circuit of 
Figure 1 with a properly aligned photoresist mask. 

Figure 3 is a second cross-sectional view of the partially-completed integrated 
5 circuit of Figure 2. 

Figure 4 is a cross-sectional view of the partially-completed integrated circuit of 
Figure 2 with contact holes etched. 

Figure 5 is a cross-sectional view of the partially-completed integrated circuit of 
Figure 4. 

10 Figure 6 is a cross-sectional view of a partially-completed integrated circuit with 

a misaligned photoresist mask. 

Figure 7 is a cross-sectional view of the partially-completed integrated circuit of 
Figure 6 with contact holes etched according to the prior art. 

Figure 8 is a cross-sectional view of the partially-completed integrated circuit of 
1 5 Figure 6 with contact holes etched according to the present invention. 

Figure 9 is a cross-sectional view of a high-density plasma etching apparatus. 

Detailed Description of the Preferred Embodiments 

In the following detailed description of the present invention, reference is made 
20 to the accompanying Drawings, which form a part hereof, and in which are shown by 
way of illustration specific embodiments in which the present invention may be 
practiced. It should be understood that other embodiments may be utilized and 
structural changes may be made without departing from the scope of the present 
invention. 

25 The terms "wafer" or "substrate" used in the following description include any 

structure having an exposed surface with which to form an integrated circuit of the 
present invention. The term substrate is understood to include semiconductor wafers. 
When reference is made to a wafer or substrate in the following description, previous 
process steps may have been utilized to form regions or junctions or layers in or on the 



Attorney Docket 303.696US1 



3 



Client Ref. 00-0052 



base semiconductor or foundation. Thus, the term substrate is also used to refer to 
semiconductor structures during processing, and may include other layers that have 
been fabricated thereupon. Wafer and substrate is understood to include silicon-on 
insulator (SOI), silicon-on sapphire (SOS), doped and undoped semiconductors, 

5 epitaxial layers of silicon supported by a base semiconductor foundation, and other 
semiconductor structures. The semiconductor need not be silicon-based. The 
semiconductor could be silicon-germanium, germanium, or gallium arsenide. The term 
conductor is understood to include semiconductors, and the term insulator is defined to 
include any material that is less electrically conductive than the materials referred to as 

10 conductors. 

The present invention provides processes useful for etching through a selected 
portion of an insulating oxide layer. Although the C 2+ F gases known in the art offer 
good selectivity to nitrides, they do not offer very good selectivity to field oxides. 
Additionally, the prior art C 2+ F chemistry has the disadvantage that it has a very small 

15 process window. This is primarily due to the fact that the prior art C 2+ F chemistry 
generates a fluorocarbon polymer which is more carbon-rich than the polymers 
generated with other types of chemistry. The generation of this carbon-rich 
fluorocarbon polymer often results in an etch stop condition, which stops the etching 
process before reaching the substrate. With the prior art C 2+ F chemistry, etch stop can 

20 occur when the gas flow is off even by a small amount from the optimal setting. The 
insulating oxide etchings of the present invention, on the other hand, are selective to 
both nitrides and field oxides and are particularly useful in self-aligned contact etchings. 
Processes according to the present invention can be advantageously utilized in self- 
aligned contact ("SAC") etch processes, for example, without damaging underlying 

25 nitride features, such as caps and spacers, or field oxide regions which may be exposed 
due to photoresist mask misalignment. In the discussion which follows, the invention is 
described with reference to a self-aligned contact etch as used in the fabrication of 
memory devices. However, it should be understood that the invention pertains to any 
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applications which require selectivity to both field oxide regions and nitride layers 
during the etch of insulating oxide layers. 

SAC technology has been widely adopted to reduce area in the fabrication of 
integrated circuit devices. Referring to Figure 1, an example of a SAC structure is 

5 illustrated in the cross-sectional view of a partially-completed integrated circuit 100. In 
Figure 1, on a semiconductor substrate 102 are formed gate stacks 108, 110, and 112 
with caps/spacers 114, 116, and 118. Caps/spacers 114, 116, and 118 are typically 
formed from a nitride such as silicon nitride. Also, shown in Figure 1 is active region 
104. An insulating oxide layer 120 covers the gate stacks, caps/spacers, and the active 

10 regions. 

Figure 2 shows a partially-completed integrated circuit 200 produced by 
covering the partially-completed integrated circuit 100 with a patterned photoresist layer 
(that is, a photoresist mask) 222. In Figure 2, the photoresist mask 222 covers the 
insulating oxide layer 120, forming initial openings 224 and 226. In Figure 2, the 

1 5 photoresist mask 222 is aligned properly. 

Figure 3 shows another cross-section of the partially-completed integrated 
circuit 200. The cross-section shown in Figure 3 is a cross-section of circuit 200 rotated 
90 degrees about the site line 3-3 shown in Figure 2. Figure 3 shows active regions 104, 
330, and 332 on semiconductor substrate 102. Figure 3 also shows field oxide regions 

20 340, 342, 344, and 346 on semiconductor substrate 102. In Figure 3, the photoresist 
mask 222 covers the insulating oxide layer 120, forming initial openings 224, 326, and 
328. The photoresist mask 222 is aligned properly. 

Figure 4 shows a cross-sectional view of the partially-completed integrated 
circuit 400 formed by submitting partially-completed integrated circuit 200 to an 

25 etching process. In Figure 4, the etching process has etched the part of the insulating 
oxide layer 120 underneath the initial openings 224 and 226 down to, and exposing, 
active region 104 to form contact holes 428 and 430. The contact holes 428 and 430 
should be as narrow as possible to increase the integration level, but the insulating oxide 
layer 120 thickness is relatively fixed at a significantly larger length. As a result, the 
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contact holes 428 and 430 should have a high aspect ratio of depth to width. High 
aspect ratios are accomplished with a highly anisotropic etch, with the wall of the 
contact holes 428 and 430 being greater than, for example, 85 degrees and preferably 
close to 90 degrees. 

5 The contact holes 428 and 430 have exposed the caps/spacers 114, 116, and 118. 

However, the etching process was selective to nitride, leaving the exposed portions of 
the caps/spacers substantially unetched. Had the etching process not been selective to 
nitrides, portions of the caps/spacers would have been etched away, resulting in a 
defective integrated circuit. Once the contact holes 428 and 430 are etched they can 

10 then be filled with a conductive material, for example, polysilicon, tungsten, aluminum, 
copper, or mixtures thereof. 

Figure 5 shows another cross-section of the partially-completed integrated 
circuit 400. The cross-section shown in Figure 5 is a cross-section of circuit 400 rotated 
90 degrees about the site line 5-5 shown in Figure 4. Figure 5 shows contact holes 428, 

15 530, and 532 approximately centered over active regions 104, 330, and 332 
respectively. Because the photoresist mask 222 is aligned properly, field oxide 
regions 340, 342, 344, and 346 have not been exposed by the etching of contact 
holes 428, 530, and 532. 

However, photoresist masks are not always aligned properly. Figure 6 shows an 

20 example of a partially-completed integrated circuit 600 produced by covering the 

partially-completed integrated circuit 100 with a photoresist mask 622. The photoresist 
mask 622 is misaligned and is positioned farther to the left than the position of the 
photoresist mask 222 as shown in Figure 3 and Figure 5. Because the photoresist 
mask 622 is misaligned to the left any contact holes produced by an etching process will 

25 also be misaligned to the left. 

Figure 7 shows a partially-completed integrated circuit 700 produced by 
submitting partially-completed integrated circuit 600 to a prior art etching process, 
creating contact holes 728, 730, and 732. As shown in Figure 7, the contact holes 728, 
730, and 732 are misaligned due to the misalignment of the photoresist mask 622. The 
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misalignment of contact holes 728, 730, and 732 has caused field oxide regions 340, 
342, and 344 to be partially exposed and partially etched away during the etching 
process. Thus, filling contact holes 728, 730, and 732 with a conducting material 
during further processing of partially-completed integrated circuit 700 will likely result 

5 in a defective integrated circuit being produced. 

In contrast to Figure 7, Figure 8 shows a partially-completed integrated 
circuit 800 produced by submitting partially-completed integrated circuit 600 to an 
etching process of the present invention, creating contact holes 828, 830, and 832. As 
shown in Figure 8, field oxide regions 340, 342, 344, and 346 have been exposed due to 

10 the misalignment of the photoresist mask. However, contrary to the partially-completed 
integrated circuit 700 shown in Figure 7, the etching process of the present invention 
used to create partially-completed integrated circuit 800 was selective to field oxide and 
did not appreciably etch any of the field oxide regions 340, 342, 344, and 346. 
Accordingly, partially-completed integrated circuit 800 is much less likely to become 

15 defective after filling the contact holes 828, 830, and 832 with a conductive material 
during further processing. 

Etching processes of the present invention are selective to field oxides as well as 
nitrides. Thus, in accordance with the present invention, much less field oxide or nitride 
will be etched when contact holes are misaligned due to misaligned photoresist masks. 

20 Accordingly, semiconductor structures and devices can be fabricated using less precise 
lithography for each level than is required by the prior art. Viewed another way, the 
present invention provides for higher yields of effective semiconductor devices that the 
prior art for a given precision level of lithography. 

Processes of the present invention may be performed in any of the known 

25 plasma processing apparatuses, including those adapted for dry etching, plasma etching, 
reactive ion etching ("EJE"), magnetically enhanced reactive ion etching ("MERIE"), 
electron cyclotron resonance ("ECR"), inductively coupled plasma ("ICP") high density 
etcher or the like. According to the present invention, a substrate having an insulating 
oxide layer to be etched is placed into a plasma reaction chamber of an appropriate 
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apparatus. The plasma reaction chamber can be any known in the art for conducting 
prior art etching processes. An etchant gas is introduced into the plasma reaction 
chamber. The introduction of the etchant gas can be performed in any manner known in 
the art. The plasma reaction chamber is electrically connected to a power source. Once 
5 the substrate to be etched and the etchant gas are in the plasma reaction chamber, power 
is applied to the plasma reaction chamber, creating a plasma. Methods and techniques 
for applying power to the plasma reaction chamber in a manner sufficient to create a 
plasma in the plasma chamber are known in the art. 

To further elaborate, in a typical plasma processing chamber adapted for dry 
10 etching, the substrate is treated with plasma. The chamber includes an inlet port 
through which process etchant source gases are supplied to the chamber interior. A 
suitable RF energy source is applied to electrodes associated with the chamber to induce 
a plasma from the etchant source gases. The energy itself may be coupled inductively 
or capacitively to sustain the plasma, as is known in the art. Species are then formed 
1 5 from the etchant source gas to react with the layers on the substrate and etch away at the 
plasma-contacting regions of the substrate. By-products, which may be volatile, are 
then exhausted through an exit port. 

Plasma etching relates to the situation where the substrate is positioned on the 
anode, or ground electrode during substrate processing. On the other hand, reactive ion 
20 etching relates to the situation where the substrate is positioned on the cathode, or 
powered electrode during processing. Magnetically enhanced reactive ion etching 
represents a variant of the RIE reactor geometry wherein a magnetic field is applied to 
reduce the loss of energetic electrons to the reactor wall surfaces. It should be 
understood that the present invention may be practiced in any of the above reactors, as 
25 well as other suitable plasma processing reactors. 

According to preferred embodiments, the etching process of the present 
invention can be carried out in a high density plasma (HDP) etcher, or alternatively, in a 
reactive ion etcher (RIE), including a magnetic-enhanced reactive ion etcher (MERIE). 
A high density plasma etcher has both a top-powered electrode and a bottom electrode, 
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which is typically a biasable electrostatic chuck. Power is applied to both the top and 
bottom electrodes with separate power supplies. Typically, the top electrode is powered 
by "inductive coupling." The frequency at which the top electrode is powered may vary 
depending on the specific manufacturer of the etcher. The bottom electrode is generally 

5 powered by RF with the precise frequency depending on the manufacturer of the etcher. 

Figure 9 illustrates an example of a high density plasma etcher 900. Etcher 900 
comprises chamber sidewalls 902, a top power electrode 906, and an electrostatic 
chuck/electrode 910. At least portions of sidewalls 902 can be heated by a suitable 
heater 904. Top power electrode 906 can be cooled by a cooler shown 

1 0 diagrammatically by box 908 . A substrate to be etched would lie upon electrostatic 
chuck 910. The electrostatic chuck 910 can be cooled by a suitable cooler show at 912. 
Top electrode 906 and electrostatic chuck 910 are powered independently via suitable 
power supplies 914 and 916, respectively. A plasma focus ring 918 annularly surrounds 
electrostatic chuck 910. The use of alternate high density plasma etchers are also 

1 5 contemplated within the scope of the present invention. Examples of high-density 
plasma etchers useful in accordance with the present invention are available from 
Applied Materials and Lam Research. 

In a reactive ion etcher, both the top electrode and sidewalls are typically 
grounded. RF power is applied to the bottom electrode, typically at a frequency of 

20 about 13.56 MHz. Reactive ion etchers are available Tokyo Electron Limited and 
Applied Materials. 

The present invention provides processes for etching contact holes through an 
insulating oxide layer of a semiconductor substrate down to active regions. Processes of 
the present invention are selective to both nitrides and field oxides. Thus, contact holes 
25 can be etched in accordance with the present invention without significantly etching 
nitride features, such as caps/spacers and spacers of gate stacks, or field oxide regions. 
Semiconductor devices produced utilizing etching processes of the present invention are 
much less likely to be defective due to photoresist mask misalignment than are 
semiconductor devices produced by etching processes of the prior art. 
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Insulating oxides useful in the present invention include doped silicon dioxides. 
Doped silicon dioxides include borophosphosilicate glass ("BPSG"), borosilicate glass 
("BSG"), and phosphosilicate glass ("PSG"). Preferred, doped silicon dioxides are 
substantially composed of silicon dioxide having doping of about 3% or more for boron 
5 and about 3% or more for phosphorus. 

It should be understood that nitride features can be any structure, such as gates, 
covered with a nitride layer. Nitride layers comprise, for example, silicon nitride having 
any of various stoichiometrics (for example, Si x N Y ). A preferred nitride is Si 3 N 4 . In 
some embodiments, carbon can be incorporated into a nitride layer during deposition of 
10 the nitride layer. To add carbon during the formation of a nitride layer, a carbon- 
containing gas, for example, methane or other hydrocarbon, can be included in the gas 
mixture employed during chemical vapor deposition of the nitride. Incorporating 
carbon into a nitride layer will generally reduce the nitride etch rate. 

Field oxide regions, as is known in the art, are frequently used to surround and 
15 isolate device areas in and on a semiconductor substrate. They are comprised of an 
undoped oxide, usually silicon oxide. When referring to field oxides, it is meant the 
material comprising a field oxide region. One method of forming a field oxide region is 
by shallow trench isolation ("STI"), in which a shallow trench is etched in the substrate 
and filled with an undoped oxide (for example, Si02) that is made essentially planar 
20 with the substrate surface. Another method of forming a field oxide region is known in 
the art as local oxidation of silicon ("LOCOS"). 

According to the present invention, certain etchant gas compositions exhibit 
good selectivity to both nitride and field oxide when used in plasma processing 
apparatus. As is known in the art, the term selective or selectivity refers to an etching 
25 process wherein the etch rate for one material is greater than the etch rate of another 
material. For example, an etching process that is highly selective to nitride means that 
the etch process etches insulating oxide much more quickly (that is, at a much higher 
rate) than it etches nitride. Similarly, an etching process that is highly selective to field 
oxide means that the etch process etches insulating oxide more quickly than it etches 
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field oxide. In selective etching processes, there is generally a tradeoff between etch 
rate and selectivity. That is, a high etch rate for insulating oxide may be realized at the 
expense of poor oxide-to-nitride selectivity and high oxide-to-nitride selectivity may be 
realized at the expense of poor insulating oxide etch rates. 

5 Etchant gases useful in the present invention will comprise a carrier gas; one or 

more C 24 F gases; CH 2 F 2 ; and a gas selected from the group consisting of CHF 3 , CF 4 , 
and mixtures thereof. A preferred C 2+ F gas is C 4 F 8 . Carrier gases are known in the art. 
The carrier gas is typically an inert gas and is present in the etchant to dilute the etchant 
gases and to enhance the uniformity of the etching process. Inert gases useful in the 

1 0 present invention include argon ("Ar"), helium ("He"), and xenon ("Xe"). A preferred 
inert gas is argon. 

In one embodiment of the present invention, the etchant consists essentially of 
one or more C 2+ F gases, CH 2 F 2 , CHF 3 , and an inert gas. In another embodiment of the 
present invention, the etchant consists essentially of one or more C 2+ F gases, CH 2 F 2 , 
1 5 CF 4 , and an inert gas. In another embodiment of the present invention, the etchant 
consists essentially of one or more C 2+ F gases, CH 2 F 2 , CHF 3 , CF 4 , and an inert gas. 

As is known in the art, etchant gas compositions typically are controlled by 
controlling the gas flow rates into the plasma reaction chamber. In preferred 
embodiments of the present invention, the gas flow rates are as follows: 5 to 20 seem of 
20 C 2+ F gases, 5 to 20 seem of CH 2 F 2 , 10 to 30 seem of CF 4 , 20 to 50 seem of CHF 3 , and 
70 to 200 seem of inert gas. 

Other gases may be added to etchant gases of the present invention so long as 
they are added in amounts small enough to prevent the addition of the gases from 
significantly diminishing the performance of the etchant gas. The types of gases that 
25 can be added and their amounts can be determined by a practitioner of ordinary skill in 
the art without undue experimentation. For example, etchants of the present invention 
may optionally comprise 0 2 , CO, or mixtures thereof. 

Etching processes of the present invention can be performed at power levels 
significantly lower than used in the prior art. For purposes of the present invention, the 
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phrase power level will refer to the amount of power per 200 mm of substrate supplied 
to the bottom electrode in a reactive ion etcher or the top electrode in a high density 
etcher. Generally in the prior art, etchings using C 2+ F chemistries are performed at 
power levels greater than 1200 W, and typically, prior art etchings are performed at 

5 power levels of 1500 - 2000 W. Etchings according to the present invention, on the 
other hand, preferably are performed at power levels of less than about 1000 W. When 
processes of the present invention are performed in high density etchers, the bottom 
electrode is powered to within about 300 W of the top electrode. Etchings of the 
present invention may be performed at higher power levels, but when performed at 

10 higher power levels etchings of the present invention tend to have a higher etch rate for 
the field oxide (that is, a lower field oxide selectivity). 

A substrate being etched in accordance with the present invention can be 
contacted with the plasma etch for any time sufficient to etch the insulating oxide to a 
desired distance. It should be understood that these times may vary depending upon the 

15 substrate, the etching gas, and the physical parameters of the plasma etch. However, 
these times can be determined without undue experimentation by a practitioner of 
ordinary skill in the art. 

Semiconductor substrates useful in accordance with the present convention may 
undergo additional processing steps to fabricate desired components as well as post-etch 

20 processing steps that are known in the art. For example, finished semiconductor wafers 
may be cut into dies, which may then be made into integrated circuit chips. The 
resulting integrated circuit chips may then be incorporated in electronic devices, for 
example, any of the well known commercial or consumer electronic devices, including 
digital computers. 

25 Selective etching processes and etchant gases have been developed. A 

sufficiently high degree of selectivity to both field oxides and nitrides allows new 
structures to be fabricated without the need for precise lithography for each level. The 
selective etching processes of the present invention have the additional advantage of 
being performed at power levels lower than prior art processes. 
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The above description illustrates preferred embodiments which achieve the 
features and advantages of the present invention. It is not intended that the present 
invention be limited to the illustrated embodiments. Modifications and substitutions to 
specific process conditions and structures can be made without departing from the spirit 
5 and scope of the present invention. Accordingly, the invention is not to be considered 
as being limited by the foregoing description and drawings, but is only limited by the 
scope of the appended claims. 
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